E2F transcription factors regulate a variety of cellular processes, but their role in angiogenesis is not clear. We find that many genes involved in angiogenesis such as FLT-1, KDR, and angiopoietin 2 have potential E2F1 binding sites in their promoter. Chromatin immunoprecipitation (ChIP) assays showed that E2F1 can associate with these promoters and the recruitment of E2F1 was enhanced upon vascular endothelial growth factor (VEGF) stimulation with concomitant dissociation of Rb, leading to the transcriptional activation of these promoters. Transient transfection experiments showed that these promoters were induced by E2F1 and repressed by Rb, whereas depletion of E2F1 decreased their expression. The increased binding of E2F1 to these promoters upon VEGF stimulation correlated with the acetylation of histones and E2F1; this required VEGF receptor function, as seen in ChIP-re-ChIP experiments. This suggests the existence of a positive feedback loop regulating E2F1 acetylation and VEGF receptor expression. Acetylation associated with VEGF signaling seems to be predominantly mediated by P300/CBP-associated factor, and the depletion of histone acetyl transferases disrupted the formation of angiogenic tubules. These results suggest a novel role for E2F1 and acetylation in the angiogenic process. Cancer Res; 70(12); 4931-40. ©2010 AACR.
Introduction
The E2F family of transcription factors plays a major role in cell cycle control by regulating a group of genes involved in cell cycle progression and DNA replication. The transcriptional activity of E2Fs is regulated at many levels, but mainly through the association with the Rb family proteins (1) (2) (3) . E2Fs 1 to 3 transactivate key cell cycle genes including cyclins, replication factors, and enzymes involved in nucleic acid synthesis (4, 5) . E2F activity is interconnected through complexes with any of the nine E2Fs, two DP-binding proteins (DP1 and DP2), and three pocket proteins (Rb, p130, and p107; refs. 5, 6) . E2F4 and E2F5 are poor transcriptional activators and function as passive repressors by recruiting pocket proteins to the E2F-regulated promoters (2, 3, 7) . E2Fs 6 to 8 lack transactivation and pocket protein binding domains; they actively repress transcription independent of pocket proteins (6, (8) (9) (10) .
Beyond the cell cycle, E2Fs have been implicated in the regulation of apoptosis, development, and differentiation (11, 12) . Although the role of E2Fs and Rb in cell proliferation is well established, their involvement in the regulation of other processes that contribute to tumor growth such as angiogenesis and invasion is not well characterized. Previous studies from our laboratory have shown that metallothionein 1G promoter is E2F responsive and vascular endothelial growth factor (VEGF) induces this promoter by enhancing the binding of E2Fs (13) . This suggested that E2Fs might be affecting the expression of genes involved in other aspects of tumor growth and progression, such as angiogenesis.
To assess whether E2F contributes to VEGF-mediated angiogenesis, we examined the promoters of VEGF receptors, FLT-1 and KDR, as well as Angiopoeitin 2, a regulator of angiogenesis, for the presence of E2F binding sites. Here, we provide the evidence that the transcriptional activity of FLT-1, KDR, and ANGPT2 are regulated by the E2F family of transcription factors. Depletion of E2F1 reduced the expression of these genes and prevented VEGFinduced angiogenic tubule formation in Matrigel. Further, VEGF stimulation led to the association of E2F1 with these promoters, coinciding with a dissociation of Rb, leading to their transcriptional activation. Here, we show that VEGF induces the recruitment of acetyl transferases such as CBP, p300, and P300/CBP-associated factor (PCAF) on FLT-1 and KDR promoters; there was also increased acetylation of the promoter region as well as E2F1, enhancing its recruitment to these promoters. These results suggest that the Rb-E2F pathway contributes to the expression of VEGF receptors facilitating angiogenesis and might promote the growth and progression of tumors in response to aberrant signaling events.
Materials and Methods

Cell lines and reagents
Human primary aortic endothelial cells (HAEC), human umbilical vein endothelial cells (HUVEC), and human microvascular endothelial cells from lungs (HMEC-L) were obtained from Clonetics and cultured in EBM-2 supplemented with growth factors (EGM-2 bullet kit, Lonza). A549 cells were cultured in F12K medium supplemented with 10% serum (CellGro). For VEGF stimulation, HAECs, HUVECs, and HMEC-Ls were rendered quiescent by growing in EBM2 without the supplements for 24 hours and stimulated by VEGF (100 ng/mL) for 24 hours.
Transient transfections and Luciferase assays
A549 cells and HUVECs were transfected by calcium phosphate-mediated transfection according to standard protocols (14) . Cotransfection with 1 μg of pRL construct containing Renilla reniformis luciferase gene was used as normalizing control. Total DNA per well was adjusted to an equal level by adding the empty vector PGL3 or salmon sperm DNA. Luciferase assays were done by using Dual Luciferase Assay System (Promega). Relative luciferase activity was defined as the mean value of the firefly luciferase/Renilla luciferase ratios obtained from three independent experiments.
Chromatin immunoprecipitation assays
Chromatin immunoprecipitation (ChIP) assays were carried out as previously described (15) . HAEC, HUVECS, and HMEC-L cells were serum starved for 24 hours and treated with VEGF for 24 hours, and ChIP lysates were prepared. IPs were conducted using antibodies to E2F1 to 5, Rb, p300, CBP, PCAF (Santa Cruz Biotechnology), and antiacetylated histone H3 monoclonal antibody (Upstate Biotechnology). Rabbit anti-mouse secondary antibody (Pierce) was used as the control. c-Fos promoter was used as a negative control to test the specificity of all ChIP assays.
ChIP-re-ChIP or reverse ChIP
ChIP-re-ChIP assay was carried out as described by Reid and colleagues (16) . The primary immunoprecipitation (IP) was done using E2F1 or acetylated lysine antibody (Cell Signaling). The immunoprecipitated complexes were eluted with re-ChIP buffer (16) . The eluate from E2F1 IP was reimmunoprecipitated with acetylated lysine antibody, and the eluate from this was precipitated by E2F1 antibody. The presence of the promoter sequences in the resulting re-ChIP immunoprecipitates were examined as described above for one-step ChIP.
IP-Western blots
To examine the role of VEGF receptors in the VEGFinduced acetylation of E2F1, IP was carried out with lysates from starved or VEGF-stimulated cells in the presence of KDR inhibitor SU1498 (Calbiochem) or KDR, and FLT-1 inhibitor 676481 (Calbiochem) using acetylated lysine antibody (Cell Signaling) and Western blotted with E2F1 monoclonal antibody (Santa Cruz). IP-Western was performed as described before (17) .
siRNA transfections and real-time PCR
Cells were grown on 60-mm dishes and transfected either with control small interfering RNA (siRNA; 100 pmol) or different concentrations of E2F1 siRNA (50, 75 , and 100 pmol) using oligofectamine (Invitrogen). The cells were collected 24 hours after transfection, and total RNA was isolated using the RNeasy kit (Qiagen). Levels of FLT-1 and KDR mRNA were analyzed by quantitative reverse transcription-PCR using the Bio-Rad icycler. Data were normalized using 18S rRNA as internal control, and the fold change in the expression levels was determined using the nontarget siRNA as the control. All siRNAs were purchased from Santa Cruz Biotechnology.
Matrigel assays
Matrigel (B.D.) was used to promote the differentiation of HAECs and HUVECs into capillary tube-like structures. A total of 100 μL of Matrigel was added to 96-well plates followed by incubation for 60 minutes at 37°C. SiRNA-transfected HAECs (12,000 cells/100 μL Matrigel) were seeded on the gels and incubated overnight at 37°C. Capillary tube formation was assessed using a Leica DMIL phase-contrast microscope (Weltzar).
Results
FLT-1, KDR, and angiopoietin promoters have E2F1 binding sites
Our previous studies have shown that certain VEGFresponsive genes such as metallothionein 1G have E2F1 binding sites in their promoters (13) , raising the possibility that E2Fs might be regulating genes involved in the angiogenic process. To verify this possibility, we first examined the promoters of human FLT-1, KDR, and ANGPT2 for the presence of potential E2F1 binding sites. A detailed analysis of the promoter region (1.2 kb) upstream of the transcription start site (TSS) of FLT-1, KDR, and ANGPT2 using MatInspector (Genomatix) revealed the presence of several putative E2F binding sites. Analysis of the FLT-1 promoter showed that there are eight potential E2F binding sites in the 1,200-bp region upstream of the TSS (Supplementary Table S1); two additional E2F binding sites were present overlapping the TSS. Similar promoter analysis on a 1,200-bp region of KDR and ANGPT2 promoters showed the presence of four and two E2F binding sites, respectively. KDR promoter had one E2F binding site immediately downstream of TSS.
To experimentally verify whether E2F1 could bind to these promoters, we performed ChIP assays on asynchronously growing HAECs using primers spanning the putative E2F binding sites in these promoters. The primer pairs spanned four E2F binding sites located in FLT1 promoter and amplified a 203-bp fragment (indicated by arrows in Fig. 1A ). The primers designed for KDR promoter amplified a 182-bp region containing one putative E2F binding site, whereas primer pairs for ANGPT2 promoter spanned two E2F binding site and amplified a 235-bp region. As shown in Fig. 1B , there was a significant association of E2F1 to the promoter region of FLT-1, KDR, and ANGPT2 in HAECs; like most E2F-regulated promoters, Rb protein could also be detected on these promoters. We had observed earlier that Rb was phosphorylated upon VEGF stimulation of HAECs and the association of Rb with these promoters was reduced upon VEGF stimulation, probably due to phosphorylation (14, 18 ). An unrelated promoter, c-Fos, used as the negative control could not be detected in the E2F1 and Rb immunoprecipitates; further, the promoters could not be detected in IPs done with an irrelevant antibody, confirming the specificity of the assay. This experiment suggests that the E2F sites present on these three promoters are functional and can recruit E2F1 in vivo.
Because we found that E2F1 is associated with FLT1, KDR, and ANGPT2 promoters, we next examined whether the depletion of E2F1 by siRNA had any effect on angiogenic tubule formation in Matrigel. To this end, HAECs were transfected with E2F1-siRNA (50 pmol), and 24 hours after transfection, cells were plated in Matrigel and grown for 18 hours. HAECs transfected with E2F1 siRNA showed significantly reduced angiogenic tubule formation in Matrigel, whereas nontargeting control siRNA showed well-formed angiogenic tubules, suggesting that E2F1 contributes to angiogenic tubule formation (Fig. 1C ). Transfecting HAECs with E2F4 siRNA did not show any effect on the tubule formation, suggesting a role for E2F1 in regulating angiogenesis. Taken together, it can be imagined that E2F1 can regulate the angiogenic process by modulating the expression of such genes involved in angiogenesis.
VEGF induces the binding of E2F1 and dissociation of Rb from FLT1, KDR, and ANGPT2 promoters
ChIP assays were performed to test whether VEGF induced the binding of E2F1 to these promoters. ChIP lysates were prepared from serum-starved as well as VEGF-stimulated HAECs and immunoprecipitated with an antibody to E2F1, Rb, or a control antibody. As can be seen from the Fig. 1D , there was only minimal amount of E2F1 associated with FLT-1, KDR, and ANGPT2 promoters in serum-starved cells, whereas VEGF induced the recruitment of E2F1 in these promoters. A significant amount of Rb could be found in association with these promoters in quiescent cells; Rb dissociated from these promoters upon VEGF stimulation. The promoter fragments were not present in immunoprecipitates obtained with the control antibody. Similar results were obtained from ChIP assays conducted on other endothelial cells such as HMEC-L and HUVEC. It was found that VEGF induced the binding of E2F1 to all the three promoters in HUVECs as well as HMECLs (Fig. 1D) , suggesting that E2F1 can bind to the promoter region of FLT-1, KDR, and ANGPT2 genes in a signal-dependent manner.
FLT-1, KDR, and angiopoietin promoters are E2F1 and Rb responsive Because E2F1 could bind to the promoters in a VEGFdependent fashion, we hypothesized that the expression of FLT-1, KDR, and ANGPT2 could be E2F1 regulated. To test the functionality of the E2F binding sites, A549 cells ( Fig. 2A and B) or HUVECs (Fig. 2C ) were transiently transfected with luciferase reporter constructs driven by FLT-1, KDR, or ANGPT2 promoters in the presence or absence of an E2F1 expression vector. There was a significant increase in the expression of FLT-1 promoter when cotransfected with the E2F1 expression construct in A549 and HUVEC cells. Similarly, KDR promoter activity was also remarkably induced by E2F1 in both the cell lines (Fig. 2C ). There was a 4-fold increase in the transcriptional activity of the ANGPT2 promoter in presence of 4 μg of E2F1 in A549 and HUVECs ( Fig. 2B and C) . We next examined whether Rb could repress the E2F1-mediated transcription of FLT-1, KDR, and ANGPT2 promoters. Transient transfection of A549 and HUVECs with a Rb construct showed a significant inhibition of the E2F1-mediated transcription of FLT-1 and KDR promoters (Fig. 2D, left) as well as the ANGPT2 promoter (Fig. 2D,  right) . These results suggest that the E2F1-Rb pathway might be involved in the regulation of FLT1, KDR, and ANGPT2 expression. (Fig. 3) . Depletion of E2F1 by siRNA transfection resulted in the downregulation of FLT-1 and KDR expression in real-time PCR experiments. There was a 50% decrease in the expression of FLT-1 mRNA and a 45% decrease in KDR expression levels with E2F1 siRNA (75 pmol) in HAEC cells compared with control siRNAtreated cells (Fig. 3A) . A similar pattern of downregulation of FLT1 and KDR was observed in HMEC-Ls and HUVECs, confirming that E2F1 indeed is involved in the transcriptional activation of these proangiogenic genes ( Fig. 3B  and C) .
E2F1 depletion leads to the downregulation of
Because VEGF stimulation leads to the recruitment of E2F1 to FLT-1 and KDR promoters, we further examined whether E2F1 is involved in the VEGF-induced expression of FLT-1 and KDR genes. As shown in Fig. 3D , VEGF stimulation induced the expression of FLT-1 and KDR in control siRNAtreated cells, whereas E2F1 siRNA-treated cells did not respond to VEGF treatment, suggesting that E2F1 facilitates the VEGF-induced expression of FLT-1 and KDR.
VEGF stimulation enhances the histone acetylation of FLT-1, KDR, and ANGPT2 promoters
Histone acetylation has been implicated in altering nucleosome structure, facilitating transcriptional activation (19) . We examined whether VEGF stimulation leads to the acetylation of histones on FLT-1, KDR, and ANGPT2 promoters. ChIP assays were carried out using antibodies against the histone acetyl transferase p300, on lysates from serumstarved or VEGF-stimulated HUVECs. The results revealed that there was only a very low amount of p300 associated with the promoter region of FLT1 and ANGPT2 in serumstarved cells, suggesting that the promoters are not acetylated and are inactive (Fig. 4A) . Further, there was HDAC1 associated with these two promoters, supporting this hypothesis. At the same time, there was a certain amount of histone H3 acetylation and p300 binding observed on the KDR promoter; KDR promoter also showed the presence of more HDAC1 compared with the other promoters. There was a significant increase in the acetylation of histones on all the three promoters with VEGF stimulation, and this correlated with increased association of p300. HDAC1 was completely dissociated from the promoters upon VEGF stimulation. This shows that VEGF stimulation leads to the recruitment of p300 to these promoters, facilitating histone acetylation and transcriptional induction.
Because the acetyl transferases CBP, p300, and PCAF are known to acetylate histones leading to transcriptional activation, we examined whether these acetyl transferases are involved in the acetylation of FLT-1 and KDR promoter region in response to VEGF stimulation. To verify this, we performed ChIP assays on quiescent and VEGF-induced HUVEC cells using CBP, p300, and PCAF antibodies. The ChIP assay revealed an enhanced recruitment of all the three acetyl transferases on KDR and FLT-1 promoters upon VEGF stimulation (Fig. 4B) . The level of PCAF on these promoters was greater compared with the levels of CBP and p300, suggesting that PCAF might be playing a major role in acetylating E2F1.
We next examined the role of CBP, p300, and PCAF in angiogenic tubule formation. To this end, we depleted the levels of CBP, p300, and PCAF in HUVECs using siRNAs, and 24 hours after transfection, cells were plated in Matrigel and grown for 18 hours. HUVECs transfected with PCAF siRNA showed significantly reduced angiogenic tubule formation in Matrigel, whereas those transfected with a nontargeting control siRNA showed well-formed angiogenic tubules, suggesting that PCAF might be the major acetyl transferase contributing to angiogenic tubule formation (Fig. 4C) . Transfecting HUVECs with CBP and P300 siRNA also showed effect on the tubule formation, suggesting the involvement of all the three acetyl transferases in regulating angiogenesis. Figure 6B shows the efficiency of siRNA transfection as shown by real-time PCR for CBP, p300, and PCAF.
VEGF stimulation leads to the binding of E2F1 to angiogenic promoters
Acetylation of E2F1 has been shown to occur in response to DNA damage and enhances its DNA binding activity (20) . This acetylation is brought about mainly by p300/PCAF protein, and leads to increased stabilization and accumulation of E2F1 (21) . Our previous studies showed that stimulation of HAECs with VEGF led to an increase in the acetylation of E2F1 (14) . We further examined whether VEGF-induced increase in E2F1 acetylation facilitates its interaction with angiogenic promoters. Toward this purpose, we conducted ChIP-re-ChIP on these promoters using E2F1 and acetylated lysine antibodies (Fig. 5A) . ChIP assay lysates were prepared from quiescent and VEGF-stimulated HUVECs and immunoprecipitated with E2F1 antibody to bring down all the promoter elements bound by E2F1. To determine whether the E2F1 associated with these promoters as well as the histones are acetylated, the chromatin complexes were eluted and reimmunoprecipitated with antibodies to acetylated lysine. IP in the reverse fashion using acetylated lysine for the primary IP followed by E2F1 IP was also done to confirm the results. ChIP assays were done from the second immunoprecipitated DNA to amplify promoter fragments of angiogenic genes. The results from ChIP-re-ChIP revealed that there is increased acetylation of E2F1 as well as histones associated with the angiogenic promoters when stimulated with VEGF (Fig. 5B) . As control, IP was performed using E2F1 antibody followed by a second IP using anti-rabbit secondary antibody. An unrelated Figure 4 . A, VEGF stimulation induces the recruitment of p300 and the dissociation of HDAC-1 in angiogenic promoters. ChIP assay showing the recruitment of acetylated Histone H3 and p300 on FLT-1, KDR, and ANGPT2 promoters with VEGF induction. In quiescent cells, these promoters are occupied by HDAC-1, whereas with VEGF stimulation, HDAC-1 dissociates from the promoter with concomitant recruitment of acetylated histone H3 and p300, suggesting promoter activation. B, VEGF induced the recruitment of CBP, p300, and PCAF on FLT-1 and KDR promoters. In serum-starved cells, promoter occupancy of acetyl transferases CBP, p300, and PCAF is minimal, whereas with VEGF stimulation, there is a significant increase in the association of these acetyl transferases in the FLT-1 and KDR promoters. C, Matrigel assay showing the role of CBP, p300, and PCAF in angiogenic tubule formation. HUVECs transfected with PCAF siRNA showed significantly reduced angiogenic tubule formation in Matrigel, whereas nontargeting control siRNA showed well-formed angiogenic tubules.
promoter c-Fos was also analyzed to confirm the specificity of the experiment.
VEGF-induced acetylation requires signaling through the VEGF receptors
Because we observed that E2F1 binding is enhanced and correlated with the induction of acetylation in response to VEGF stimulation in endothelial cells, we examined the role of FLT-1 and KDR function in mediating VEGF-induced acetylation using KDR inhibitor SU1498 and KDR, and FLT-1 inhibitor 676481 (Calbiochem). HUVECs and HMEC-Ls were serum starved and subsequently stimulated with VEGF in the presence or absence of the inhibitors. Acetylation of E2F1 was determined by IP-Western blot analysis using antibodies to E2F1 and acetylated lysine. The results from the IPWestern blots revealed that KDR and FLT1 inhibitors could block E2F1 acetylation significantly (Fig. 5C) . Inhibition of E2F1 acetylation by VEGF receptor inhibitors suggests that these receptors might be involved in downstream signaling, leading to the acetylation of E2F1. This indicates the possibility of a positive feedback loop in regulating FLT-1 and KDR expression by E2F1.
VEGF-induced acetylation is mediated mainly by PCAF
We next explored the involvement of histone acetyl transferases in VEGF-induced acetylation. Toward this purpose, we knocked down CBP, p300, and PCAF using siRNAs (100 pmols) and subsequently serum starved and induced with VEGF for 24 hours. ChIP-re-ChIP assay was performed on quiescent as well as VEGF-stimulated HUVECs (Fig. 6A) . First IP reaction was performed using E2F1 antibody followed by subsequent IP with acetylated lysine antibody to determine the association of acetylated E2F1 on KDR and FLT-1 promoters. IP using an irrelevant antibody (anti-rabbit secondary antibody) followed by a second IP with acetylated lysine antibody was used as control. Increased amounts of E2F1 was found associated with KDR and FLT-1 promoter upon VEGF stimulation in control siRNA-treated cells (Fig. 6C) . Transient transfection with PCAF siRNA resulted in significantly lower amount of E2F1 in these promoters, whereas knocking down CBP and p300 did not have much effect on the recruitment of E2F1. Collectively, these results suggest that PCAF may be the major acetyl transferase involved in acetylating E2F1 as well as the histones on these promoters. Real-time PCR was performed to assess the efficiency of siRNA transfection (Fig. 6B) . Taken together, we conclude that acetylation of E2F1 as well as the histones in the promoter regions plays a role in regulating the angiogenic process by modulating the expression of FLT-1, KDR, and ANGPT2 genes.
Discussion
Angiogenesis plays a role in several diseases including cancer, in which angiogenic pathway is elevated during tumor growth, progression, and metastasis (22, 23) . VEGF exerts its biological effects through specific interactions with VEGF receptors. VEGFR1 (FLT-1) and VEGFR2 (KDR) are found on the surface of endothelial cells, hematopoietic stem cells, leukocytes, osteoblasts, and also on many tumor cells (24, 25) . Knock out studies targeting FLT-1 have implicated it as a critical mediator of both developmental and physiologic angiogenesis (26) . It has been reported that FLT-1 acts as a decoy receptor that inhibits KDR-mediated angiogenesis (27, 28) ; however, there is evidence that FLT-1 may also cooperatively activate angiogenesis with KDR in a ligand-and cell context-dependent manner. FLT-1 is also expressed as a soluble truncated form that lacks the intracellular receptor tyrosine kinase domains, and it binds to VEGF and inhibits angiogenesis (29) . Recent reports suggests that FLT-1 is expressed in several pancreatic and colorectal cancer cell lines in which its activation led to epithelial-mesenchymal transition, which is linked to increased invasion and migration (30, 31) .
KDR is considered as the principal receptor of VEGFdependent angiogenic signals with an important role in normal vessel growth and hematopoiesis (32, 33) . The angiopoietin/Tie-2 family plays an important role in regulating vessel stability. ANGPT2 shows context-dependent proangiogenic and antiangiogenic activities (34) . ANGPT2 knock out studies revealed that ANGPT2 is not needed for embryonic vascular development but is required for postnatal angiogenic remodeling (35) . Recent studies show that in the presence of VEGF, ANGPT2 promotes endothelial proliferation and migration, and stimulates sprouting of new blood vessels, whereas ANGPT2 promotes endothelial cell death and vessel regression if the activity of endogenous VEGF is inhibited (36) .
Our studies show for the first time that FLT-1, KDR, and ANGPT2 genes are VEGF inducible and that these promoters are E2F responsive. Previous studies had shown that the expression of FLT-1 and KDR was regulated by Sp proteins (25, 37) . It is also known that E2F1 and Sp1 proteins physically and functionally interact and show functional synergism in promoters that have binding site for both (38) .
It is intriguing that in serum-starved cells, there was a significant amount of Rb and HDAC associated with these promoters as seen in ChIP assays, which dissociated upon VEGF stimulation; this is reminiscent of the changes taking place on proliferative promoters during cell cycle progression. Indeed, we had observed that VEGF stimulation of quiescent HAECs lead to Rb phosphorylation (14, 18) . Rb could significantly repress E2F mediated transcription of these promoters. It is well established that Rb represses gene expression by recruiting HDACs (39) , and this seems to be true for FLT-1, KDR, and ANGPT2 promoters. VEGF stimulation also led to the enhanced recruitment of histone acetyl transferases, suggesting transcriptional activation. There are recent evidence supporting the role of Rb in the regulation of proangiogenic factor expression at the transcriptional level (40) . For example, overexpression of cyclin D1 induces FGFR1 promoter in mouse fibroblasts in an Rb-E2F-dependent fashion (41, 42) . Another study suggested that human FGFR1 expression is also regulated by E2F1 through two nonconsensus E2F1 responsive sequences (43) . Recently, a novel variant of human PDGFRα transcript identified in a subset of human cell lines was found to be regulated by E2F-1 (44) . Taken together, these findings show a new role of E2Fs targeting factors that can modulate angiogenesis.
Although E2F activity is regulated principally by association with different regulator proteins, posttranslational modifications such as acetylation and phosphorylation have been suggested as possible mechanisms of regulation of E2F activity (21, 45) . The p300/CBP-associated factor PCAF and also p300/CBP itself was observed to acetylate E2F1 and resulted in stimulating the functions of non-Rb-bound form of E2F1. Acetylation of E2F1 by PCAF increases its DNA binding ability, activation potential, and protein half-life. Although the major targets of CBP, p300, and PCAF are histones, these acetylases also modify several transcription factors (46) (47) (48) .
There are many recent reports of acetylation sites on proteins involved in diverse biological processes (49) . p73 is an E2F1 target gene in DNA damage response, and acetylation of E2F1 was required to be recruited on p73 promoter (50) . Our results show that VEGF stimulation leads to the recruitment of E2F1 on FLT-1 and KDR promoters, and this correlates with enhanced acetylation of the histones as well as E2F1. VEGF-induced acetylation is mediated through its receptors, suggesting the possibility of a positive feedback loop in E2F1 activity.
Although it is known that E2Fs function in a wide range of biological processes, its role in regulating the expression of molecules involved in angiogenesis had not been well explored. Our findings indicate that E2F and Rb might be contributing to tumor growth by regulating the transcription of genes involved in angiogenesis as well, in addition to their established roles in cell proliferation.
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